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Specification 



1. Title of the Invention 



Optical Modulating Element and Method of 



Manufacturing the Same 
2. Scope of Claims 

(1) An optical modulating element having a liquid substance capable of optical 



plurality of band-shaped spacers having conduction ports between the pair of parallel 
substrates. 

(2) A method of manufacturing an optical modulating element in which a 
plurality of band-shaped spacers having conduction ports are disposed between a pair 
of parallel substrates, characterized by comprising: 

a step of manufacturing an empty cell by sealing vicinities between the pair of 
parallel substrates except a portion serving as an injection port; 

a step of disposing a liquid substance capable of optical modulation in the 
injection port formed in the empty cell after placing the empty cell under a reduced 
pressure; and 

a step of making an air pressure outside the empty cell greater than the air 
pressure within the empty cell, and injecting the liquid substance capable of optical 
modulation, which is disposed covering the injection port of the empty cell, through 



modulation between a pair of parallel substrates, characterized by comprising a 
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the conduction port provided in the empty cell . by the air pressure jJifFerence 
therebetween. 

3. Detailed Description of the Invention 

The present invention relates to an optical modulating- element that uses a~ 
liquid substance capable of optical modulation, such as a liquid crystal, and 
specifically, relates to an optical modulating element that uses a liquid crystal element 
such as a liquid crystal display element or a liquid crystal - light shutter array. 

Liquid crystal display elements that display images or information, in whicji a 
scanning electrode group and a signal electrode group are formed in a matrix shape 
and a liquid crystal compound fills a space between the electrodes, thus fom\ing many 
pixels, are well known conventionally. 

For example, there are liquid crystal elements that use the TH (twisted 
nematic) liquid crystals shown by M. Schadt, and W. Helfrich, in "Voltage Dependent 
Optical Activity of a Twisted Nematic Liquid Crystal", Applied Physics Letters, Vo. 
18, No. 4 (1971, 2, 15) pp. 127-128. This type of liquid crystal is one in which 
nematic liquid crystal molecules, which possess positive dielectric anisotropy in a non- 
electric field state, form a twisted structure (helical structure) in a liquid crystal layer 
thickness direction, and the liquid crystal molecules form a structure in which they are 
arranged in parallel at both electrodes. On the other hand, in an electric field applied 
state, the nematic liquid crystals, which possess positive dielectric anisotropy, are 
arranged in the electric field direction, and optical modulation can be brought about as 
a result. 

In contrast, display elements that use ferroelectric liquid crystals, particularly 
liquid crystals having the chiral smectic C phase (Sm*C) or H phase (Srh*H), have 



been proposed in recent years as disclosed in "Ferroelectric Liqyid Crystals", "LE 
JOURNAL DE PHYSIQUE LETTERS", 36 (L-69]i 1975; "Submicro Second Bistable 
Electrooptic Switching in Liquid Crystals", "Applied Physics Letters", 36 (11) 1980; 
^^Liquid Crystals^\ ^'Solid State P 16 (141) 1981, and the like. - - 

Disposing band-shaped spacers capable of orientation control with a width on 
the order of 1 |im, between a pair of parallel substrates, for example, at a rate of 10 
spacers/mm, can be considered as a method of controlling the orientation of these 
liquid crystals in optical modulating elements that use these ferroelectric liquid 
crystals. 

In order to inject the liquid substance capable of optical modulation, such as a 
liquid crystal, into a cell in which these band-shaped spacers are disposed between the 
pair of parallel substrates, it is necessary to inject the liquid substance into each gap 
formed between the band-shaped spacers, and the process for manufacturing such 
modulation elements becomes complex. Moreover, injection ports for injecting the 
liquid substance between the band-shaped spacers are formed for each space between 
the band-shaped spacers, and therefore it is necessary to seal each of the plurality of 
injection ports after injecting the liquid substance thereinto. Not only the 
manufacturing process becomes complex, but the reliability, and in addition the 
durability and stability, of the optical modulating elements are adversely influenced in 
accordance with the large number of injection ports. 

An object of the present invention is to provide an optical modulating element 
in which the aforementioned disadvantages and problems are resolved, and to provide 
a method of manufacturing the optical modulating element. 

Another object of the present invention is to provide an optical modulating 
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element suitable for Sm*C or Sm*H liquid crystals, and to provide a riiethod of 
manufacturing the optical modulating element. 

The objects of the present invention are achieved by an optical modulating 
-element having a liquid substance capable of optical modulation-between a pair-of"^ 
parallel substrates, which includes a plurality of band-shaped spacers, which have 
conduction ports between the pair of parallel substrates. 

Liquid substances capable of optical modulation which are used by the present . 
invention are liquid substances that have ferroelectric characteristics, and specificajly, 
liquid crystals having the chiral smectic C phase (SmC*) or H phase (SmH*) can be 
used. These liquid crystals have bistability states composed of a first optically stable 
state and a second optically stable state. Accordingly, differing from the optical 
modulating element used in the aforementioned TN liquid crystal, the liquid crystals 
may orient in the first optically stable state with respect to one electric field vector, and 
the liquid crystals may orient in the second optically stable state with respect to the 
other electric field vector. 

Specific examples of the ferroelectric liquid crystal compound include 
decyloxybenzylidene-p-amiho-2-methylbutyl cinnamate (DOBAMBC), 

hexyloxybenzylidene-p*-amino-2-chloropropyl cinnamate (HOBACPC) and 4-0-(2- 
methyl)-butyl-resorcylidene-4*-octylaniline (MBRA 8). 

When using these materials to form the elements, the elements can be 
supported by a copper block having a built-in heater or the like when necessary in 
order to maintain a temperature state such that a liquid crystal compound becomes the 
SmC* phase or the SmH* phase. " 

Hereinafter, the present invention will be explained in accordance with 
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diagrams. 

Fig. 2 is a diagram in which an example of a cell is drawn schematically in 
order to explain ferroelectric liquid crystal operation. Reference numerals 21 and 21* 
-denote substrates (glass substrates) coated with transparent electrodes' made of ^203, 
Sn02, ITO (Indium-Tin Oxide) or the like. SmC* phase or SmH* phase liquid 
crystals are filled between the substrates so that a layer 22 orients perpendicularly to 
the glass surfaces. A line 23 shown by a bold line expresses liquid crystal molecules, 
and the liquid crystal molecules 23 have dipole moments (Pj^) 24 in a direction 
orthogonal to the molecules. If a voltage equal to or greater than a fixed threshold is 
applied between the electrodes on the substrates 21 and 21*, then the helical structure 
of the liquid crystal molecules 23 unravels, and the liquid crystal molecules 23 can 
have their orientation direction changed so that all of the dipole moments (P^) 24 are 
directed toward the electric field direction. The liquid crystal molecules 23 have a 
long, thin shape, and display anisotropy in index of refraction between their major axis 
and their minor axis. It can therefore easily be understood that a liquid crystal optical 
modulating element whose optical characteristics change due to the applied voltage 
polarity is achieved if cross nicol polarizers are mutually placed above and below the 
glass surface, for example. 

The thickness of liquid crystal cells preferably used by the optical modulating 
element of the present invention can be made sufficiently thin (for example, 1 |xm). 
That is, the helical structure of the liquid crystal molecules unravels even in a state 
where an electric field is not applied, and a dipole moment P or P' takes on either an 
upward (34) state or a downward (34') state, as Ishown in Fig. 5. If electric an electric 
field E or an electric field E\ which have different polarities and are equal to or greater 



than a fixed threshold, are imparted to this type of cell by electric field application 
means 31 and 31' as shown in Fig. 3, then the dipole moments change direction to the 
upward direction 34 or the downward direction 34' corresponding to the electric field 
vector-of the electric field E or the electric field E'. The liquid crystal molecules then 
orient corresponding to the direction change, toward one of a first stable state 33 and a 
second stable state 33'. 

There are two advantages in using these types of ferroelectric liquid crystals as 
optical modulating elements. Firstly, the response speed is extremely fast, and 
secondly, the orientation of the liquid crystal molecules has bistability. If explaining 
the second point by using Fig. 3, for example, then the liquid crystal molecules will 
orient to the first stable state 33 if the electric field E is applied, and this state is stable 
even if the electric field application is turned off. Further, if the reverse electric field 
E' is applied, then the liquid crystal molecules will orient to the second stable state 33' 
and the molecules will change their direction, and this state is similarly maintained 
even if the electric field application is turned off. Further, they are maintained in 
each of the orientation states as long as the applied electric field E does not exceed a 
fixed threshold. It is preferable to use cells that are as thin as possible in order to 
effectively achieve the above-mentioned fast response speed and bistability. A 
problem in confronting the formation of elements by these types of liquid crystals 
having ferroelectric characteristics is that, firstly, it is difficult to form cells having 
high mono-domain characteristics. As discussed above, in order to allow them to 
effectively operate as optical elements, it is necessary to form the cells such that the 
layer having the SmC* phase or SmH* is perpendicular with respect to the substrate 
surface, namely such that the liquid crystal molecules are nearly parallel with the 
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substrate surface. 

Up to now, for example, a method of rubbing (rubbing) the substrate surface 
by using something like a cloth, an oblique evaporation method of SiO, or the like is 
used with the elements that use TN liquid crystals, as discussed above, as a method of- 
forming a mono-domain of the hquid crystal molecules in a state parallel to. the 
substrate surface. Regarding the rubbing method, directionality is imparted to the 
liquid crystals contacting the substrate surface by a combined effect with some effects 
developing by grooves and friction formed in the substrate surface during rubbipg, 
whose cause is not necessarily clear. The liquid crystal molecules are aligned 
preferentially in accordance with the rubbing direction and form the lowe^st energy 
(that is, stable) state. A "wall effect" in which the liquid crystal molecules on 
surfaces that have undergone this type of rubbing process are aligned preferentially in 
a single direction, is imparted. Structures that possess a flat surface to which this 
wall effect is imparted are disclosed by W. Helfrich, and M. Schandt, for example, in 
Canadian Patent No. 1010136, and the like. In addition to methods of achieving the 
wall effect by this type of rubbing method, a structure possessing a flat surface formed 
by oblique evaporation of SiO or Si02 on the substrate may be used. The flat surface 
having the uniaxial anisotropy of SiO or Si02 has the wall effect for making the liquid 
crystal molecules orient preferentially in a single direction. 

For cases in which the aforementioned ferroelectric liquid crystals have been 
in contact with a structure that possesses a flat surface to which the wall effect has 
been imparted for making the liquid crystals orient preferentially in a single direction, 
the ferroelectric liquid crystals are disposed preferentially in only one direction by the 
wall effect imparted to the flat surface. The ferroelectric liquid crystals orient in a 
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third metastable state or in a state that is strongly stable in a single direction. As a 
result, the liquid crystals cannot freely change their direction due to an electric field 
which exceeds the threshold, even if the electric field E or the electric field E' as 
shown in Figr3 is imparted, and therefore there is a problem in that the liquid crystals 
cannot form the first stable state and the second stable state by applying an electric 
field. As a result, the bistability with respect to the electric field and the high speed 
response become hindered, and depending upon the situation, even the formation of a 
good mono-domain becomes impossible. 

Incidentally, although an orientation control method by the rubbing method or 
the oblique evaporation method is one preferable method for forming the liquid crystal 
elements, in practice, if orientation control is implemented by this method, then the flat 
surface having the wall effect in which the liquid crystals are oriented preferentially in 
only one direction is formed as discussed above, which hinders the bistability that the 
liquid crystals have with respect to the electric field, their high speed responsibility, 
and their ability to form a mono-domain. There is absolutely no aim at present, 
therefore, to employ the rubbing method or the oblique evaporation method as the 
orientation control method for the liquid crystal in fields relating to ferroelectric liquid 
crystals. 

In spite of the present state of affairs, the inventors of the present invention 
stuck to the orientation control method using the rubbing method or the oblique 
evaporation method and discovered, to their surprise, that the first stable state and the 
second stable state can be formed by electric fields like those shown in Fig. 3 by using 
a structure that possesses a flat surface in which the wall effect, which makes the 
liquid crystals orient preferentially in a single direction, is not formed, or is formed 
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weakly, even though the rubbing method or the oblique evaporation method is 
performed, when a structure possessing sidewalls that have the wall effect and are 
formed by an orientation control method, such as the rubbing method or the oblique 

__eyapjQration method, js„disp.osed:hetween a_pair„of_^^ 

Figs. 1 show optical modulating elements of the present invention. Among 
the figures. Fig. 1(A) is a perspective diagram of the optical modulating elements of 
the present invention. Fig. 1(B) is a cross sectional diagram of a side face of the optical 
modulating elements, and Fig. 1(C) is a cross sectional diagram of a front side of the 
optical modulating elements of the present invention. 

In Figs. 1, a (scanning) electrode group composed of a plurality of electrodes 
102 is formed in a predetermined pattern on a substrate 101, such as a glass substrate 
or a plastic substrate, by etching. In addition, an insulating film 103 is formed on this 
electrode group, and additionally, a plurality of band-shaped spacer members 104 are 
formed and disposed on this insulating film 103. It is preferable to form the band- 
shaped spacer members 104 by selecting a material having a lower hardness than that 
of the insulating film 103. Specifically, resins such as a polyvinyl alcohol, a 
polyimide, a polyamide imide, a polyesterimide, a polyparaxylylene, a polyester, a 
polycarbonate, a polyvinyl acetal, a polyvinyl chloride, a polyvinyl acetate, a 
polyamide, a polystylene, a cellulose resin, a melamine resin, an urea resin, and an 
acrylic resin, or a photosensitive polyimide, a photosensitive polyamide, a cyclized 
rubber-based photoresist, a phenolic novolac-based photoresist or an electron beam 
photoresist (a polymethyl methacrylate, an epoxidized-l,4-poIybutadiene, etc.) can be 
used. 

A liquid substance is injected from one injection port when injecting the liquid 
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substance to these band-shaped spacer members 104 as discussed below, and in 
addition, this injected liquid substance passes through conduction ports 115 formed in 
the band-shaped spacers 1.04, and can be injected uniformly between a pair of 
-substrates 101 and 109. The conduction ports 115 are preferably, formed in the 
vicinity of the substrate 101, and the two or more conduction ports 115 can also be 
formed in the band-shaped spacer members 104. Further, there is no limitation to one 
injection port as described above, and two or more ports may also be formed, but it is 
preferable to make the number of injection ports as small as possible. 

On the other hand, the insulating film 103 prevents the generation of electric 
current flowing in a layer of a liquid crystal 105 having bistability, and also can be 
made by selecting a material having a higher hardness than the hardness of the 
aforementioned spacer members 104. Specifically, it can be obtained by forming a 
coating film using a compound of silicon nitride, silicon nitride which contains 
hydrogen, silicon carbide, silicon carbide which contains hydrogen, boron nitride, 
boron nitride that contains hydrogen, cerium oxide, silicon oxide, aluminum oxide, 
zirconia, magnesium fluoride, or the likei This insulating film 103 also has an 
advantage in that it can prevent the generation of electric current developing due to 
impurities and the like contained in minute amounts in the liquid crystal layer, and 
therefore the liquid crystal compound does not deteriorate even after repeated 
operation. The film thickness of this insulating film 103 depends on the electric 
charge injection stopping performance that the used material possesses, and also 
depends on the thickness of the liquid crystal layer, and is set normally to 50 A to 5 
|j,m, preferably in a range of 500 A to 5000 A.* On the other hand, although the film 
thickness of the liquid crystal layer depends on the ease of making a peculiar 
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orientation in the liquid crystal material, and on the response speed demanded as an 
element, it is determined by the height of the spacer members 104 and is normally set 
to 0.2 ^im to 200 /im, preferably in a range of 0.5 ^m to 10 fim. Further, the width of 
-the spacer members 104 is normally set to 0.5 jam to 50 fxm, preferably-in a range of 1 
[im to 20 nm. Regarding the pitch (interval) of the spacer members 104, if it is too 
large, then the uniform orientation of the liquid crystal molecules is harmed, and on 
the other hand, if it is too small, then this invites a reduction in the effective area as a 
liquid crystal optical element. The pitch is therefore normally set to 10 \im to 2 mm, 
preferably in a range of 50 to 700 fim. 

The substrate 101 that has the spacer members 104 and the insulating film 103 
undergoes a rubbing process by using, for example, velvet, cloth, paper, or the like 
along the stripe line of the spacer members 104. The wall effect in which the liquid 
crystals preferentially orient in a single direction in sidewalls 106 and 107 of the 
spacer members 104 can be imparted by this rubbing process. Therefore, the 
sidewalls 106 and 107, which have undergone the rubbing process, can be made to 
have the wall effect with respect to liquid crystal orientation, and the liquid crystals 
105 that have bistabihty and contact the sidewalls 106 and 107 take on a horizontal 
orientation (homogeneous orientation) in a direction parallel to, or nearly parallel to, 
the substrate 101, namely along the rubbing direction, because the insulating film 103 
does not have the wall effect, or only has a weak wall effect, for preferential liquid 
crystal orientation, as discussed below. 

The insulating film 103 is formed of the selected substance having a high 
hardness compared to the spacer members 104 as stated above, and therefore there is 
no dominant direction in a flat surface 108 for making the liquid crystals that contact 
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the flat surface 108 orient in the third metastable state in a single direction or a strong 
stabihty state, even if the rubbing process is performed. A wall effect in which the 
liquid crystals take on horizontal orientation in random directions can therefore be 
obtained when the sidewalls 106 and 107, to which the wall effect isvimparted by the 
aforementioned rubbing process, are not present (that is, when there is no influence by 
the wall effect in the periphery). It is preferable that no wall effect \yhich causes the 
liquid crystals to orient vertically (homeotropic orientation) be imparted to the flat 
surface 108 at this point. Further, surface treatment of the sidewalls 106 and 107 that 
have undergone this rubbing process, and the flat surface 108 can be performed when 
necessary by using a horizontal orientation agent such as a silane coupling agent or a 
horizontal orientation surfactant, preferably after washing with acetone or the like. 

The optical modulating element of the present invention is provided with the 
other substrate that is the substrate 109, overlapping in parallel with the 
aforementioned substrate 101. An electrode group composed of a plurality of 
(signal) electrodes 110 is formed on this substrate 109, and an insulating film 111 is 
formed on the electrode group. The plurality of signal electrodes 110 and the other 
plurality of scanning electrodes 1 02 as the other electrodes can be wired in a matrix 
structure, and these electrodes can also be formed in other shapes, for example, formed 
through an electrode wiring in a 7-segment structure. Further, the insulating film 111 
formed on the substrate 109 is not always necessary, but is effective in preventing the 
generation of electric current flowing in the liquid crystal layer. The insulating film 
1 1 1 is also formed by forming a coating film made of substances similar to those of the 
aforementioned insulating film 103. A flat surface 112 of the insulating film 111 also 
does not have a dominant direction which makes the liquid crystals that contact the flat 
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surface 112 orient in the third metastable state in a single direction or a strong stability 
state, and the flat surface 1 12 is given a wall effect for making the liquid crystals orient 
horizontally in random directions when the sidewalls 106 and 107, to which the wall 
-effect is imparted by the aforementioned rubbing process, are not -present (that is, 
when there is no wall effect influence in the periphery). Therefore, although the 
aforementioned rubbing process can be irhplemented on the flat surface 112 when 
necessary for cases in which the insulating film 111 is formed by a substance similar to 
that used by the aforementioned insulating film 103, the rubbing process need not be 
implemented. 

Moreover, the insulating film 111 can be obtained by forming a coating film 
using a material other than those used in the insulating film 103 descried above, for 
example, resins such as a polyvinyl alcohol, a polyimide, a polyamideimide, a 
polyesterimide, a polyparaxylylene, a polyester, a polycarbonate, a polyvinyl acetal, a 
polyvinyl chloride, a polyvinyl acetate, a polyamide, a polystylene, a cellulose resin, a 
melamine resin, an urea resin, and an acrylic resin, or inorganic compounds such as 
BiO, SiOj, and TiOj, or the like. Further, the substrate 109 disposed opposite thereto 
can be also overlapped with the insulating film 111 after washed with acetone or the 
like, making a pair of parallel substrates. 

A seal member 116 is formed in a peripheral portion of the space between the 
pair of parallel substrates (101 and 109) by an epoxy-based adhesive or low meUing 
point glass in order to seal the liquid crystals 105 that have been injected into this 
space therebetween. An injection port (not shown in the figures) is formed at some 
location in the seal member 116. 

Further, the optical modulating element of the present invention can use a pair 
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of polarizing means (polarizers 113 and analyzers 114) on both sides of the pair of 

parallel substrates 101 and 109, that is, sandwiching the substrates 101 and 109.' 

Normal polarizing plates, polarizing films, and polarizing beam splitters can be used as 

— lhe -polarizers--113 and-the analyzers- 11 4, and it is possible to disposfe-this . polarizing 

means in a cross nicol state or a parallel nicol state at this point. 

The optical modulating element of the present invention caii be obtained by 

injecting a ferroelectric liquid crystal between the pair of parallel substrates, whose 

periphery has been sealed by an epoxy-based adhesive or low melding point glass, 

» 

heating to an isotropic phase, and then slowly cooling while precisely controlling the 
temperature. As a typical example, for a case of a compound which undergoes phase 
transition from an isotropic phase to an SmA phase to an SmC* phase (for example, 
decyloxy-benzylidene-F-amino-2-methyl butyl cinnamate, denoted by DOBAMBC 
here) in a slowly cooling process, a mono-domain develops so that the liquid crystal 
molecules are aligned along the rubbing direction from the vicinity of the surface of 
the sidewalls, due to the influence of the spacer members that posses the sidewalls to 
which the wall effect has been imparted in advance by the rubbing process upon the 
transition from the isotropic phase to SmA phase. If the temperature is additionally 
reduced after the entirety becomes the mono-domain, then a phase transition from 
SmA to SmC* occurs, and orientation control can be completed. In this state the 
liquid crystal molecules are all aligned along the rubbing direction in parallel to the 
sidewall surface of the spacer members, and this is an in-plane orientation state with 
respect to the flat surface 108 of the insulating film 103. The SmC* phase liquid 
crystal layer is perpendicular with respect to the flat surface 108 of the insulating film 
103 and the stripes. As stated above, grooves are not formed in the flat surface 108 
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of the insulating film 103 by rubbing, and a specific direction predominance is not 
imparted to the liquid crystal molecules within th^ plane. The bistability and high 
speed responsibility are therefore not lost when operating them as an element. 

Fig, 4-is-a cross-sectional diagram of a vacuum injection apparatus suitable for 

use in a method of the present invention. 

In Fig. 4, Reference numeral 401 denotes an empty cell in which a liquid 
crystal substance capable of optical modulation is injected, such as a liquid crystal, and 
reference numeral 402 denotes an injection port of the empty cell. The empty cell 
401 has an empty cell structure before injecting the liquid crystal 105 shown in Fig. 1. 
The injection port 402 generally has a width on the order of 2 millimeters, and the 
width may also be greater than it or less than it. The injection port 402 can be formed 
by opening a portion of a seal member 400, and further, in addition, the injection port 
can also be formed in a location outside of an effective display surface of the substrate. 

First, a cover (not shown in the figures) of a vacuum apparatus 409 is opened, 
and then the empty cell 401 is placed therefrom within the vacuum apparatus 409. At 
this time, a boat 404 filled with a liquid substance 405 capable of optical modulation 
(for example, a liquid crystal, an electrochromic material, or the like), and a capillary 
403 are each disposed inside the vacuum apparatus 409. One opening of the capillary 
403 is disposed while being immersed in the liquid substance 405, and the liquid 
substance 405 is sucked up by capillary action at this point to the other opening of the 
capillary 403. 

Next, after sealing the vacuum apparatus 409, a leak valve 406 is closed, and 
the inside of the vacuum apparatus 409 is put* in a vacuum condition by opening an 
exhaust valve 407. The vacuum condition differs in accordance with the capacity of 
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the empty cell, but generally, is appropriate with a value equal to or less than 10 Torr, 
preferably equal to or less than 0.5 Torr. 

Moisture in the air becomes contained within the liquid crystal if the liquid 
-ciystal is exposed to the air, particularly during the summer,- when the humidity is high, 
and therefore moisture will bump off if the liquid crystal is placed within a vacuum 
condition. Further^ the service life of liquid crystal optical elements manufactured by 
injecting the liquid crystal containing moisture into the empty cell 401 is reduced by 
an extreme amount compared to those that do not contain moisture, and therefore it is 
necessary to completely prevent moisture from mixing into the liquid crystal optical 
element. 

Next, the capillary 403 is made to contact each of the injection ports 402 of the 
empty cell 401, the injection port 402 is covered by the liquid substance 4 1 1 , and then 
the capillary 403 is then taken away from the injection port 402. If the exhaust valve 
407 is closed next, and the inside of the vacuum apparatus 409 is returned to 
atmospheric pressure by opening the leak valve 406, then the liquid substance 411 that 
has covered the injection port 402 is injected uniformly between the band-shaped 
spacers 412, through conduction ports 413 fornied between the band-shaped spacers 
412 of the empty cell 401, by the pressure difference between the pressure of the 
empty cell 401 and atmospheric pressure. Further, the inside of the vacuum 
apparatus 409 can also be set to a pressure equal to or greater than atmospheric 
pressure when necessary. At this time, it is preferable that the location of the 
conduction ports 413 formed in the band-shaped spacers 412 be as close as possible to 
the seal member 400 side, as shown in Fig. 4, though there are no particular limitations 
placed on the location. Further, the opening width of the conduction ports is suitable 
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when it is 0.1 mm to 5 mm, preferably on the order of 0.5 mm to 3 mm. 

Further/ the boat 404 used by the method of the present invention can be 
manufactured by glass, plastic (polyethylene fluoride, polyvinyl chloride, 
pojymjethacrylme,j20h6^ steel, _aluminum, or the likc^^the-value of the 

inner diameter may be set to be a little larger than the outer diameter of the capillary 
403, and the thickness of the liquid, substance 405 may be on the order of 1 to 2 
millimeters. Wastes can therefore be reduced, even for cases in which the liquid 
substance 405 is exchanged. 

Further, for cases in which Sm*C or Sm*H liquid crystals are filled into the 
empty cell in accordance with the aforementioned method, it is preferable to form a 
heating means (not shown in the figures) in the boat 404, and to change the liquid 
substance 411 \yithin the boat into an isotropic phase in advance. The injection port 
402 is sealed by using a suitable sealing material (for example, an epoxy adhesive, 
solder, or the like) after injection is complete, and then cooling is performed and phase 
transition is made to the Sm*C or Sm*H liquid crystals within the cell, and an optical 
modulating element can thus be made. 

Further, it is preferable in the method of the present invention that the inside of 
the vacuum apparatus already be put in a vacuum condition at the state where the 
liquid crystal can be made to fill the aforementioned capillary. In this way, liquid 
crystals that do not contain moisture can always be made to fill the capillary and thus, 
outflow of the liquid crystal from the capillary, which occurs along with the bumping 
phenomenon, can be effectively prevented. Further, if the other end of the capillary 
is immersed in the boat that is filled with the liquid substance, then the liquid 
substance can be sent to the other opening of the capillary by capillary action. 
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It is preferable that an inner diameter represented by d of the capillary used by 
the present invention meet 0.25t < d < 2.5t (where t in the equation denotes a thickness" 
of the cell), but d may also exceed 2.5t. Further, d may also' be less than 0.25t, and 
there are no particular limitations placed on d. The general inner diameter-d-of^the 
capillary is suitable when it is on the order of 0.1 mm to 7 mm. Further, capillaries 
are made from a wide variety of materials, but preferably glass, stainless steel, 
aluminum, or an alloy thereof is suitably used. 

Fig. 5 shows another preferable specific example of the present invention. A 
liquid crystal cell 51 shown in Fig. 1 is disposed in a dynamic display liquid crystal 
display element shown in Fig. 5. Linear polarizers 53 and 54 are disposed on both 
sides of this liquid crystal cell in a cross nicol state, and further, a (not shown in the 
figures) reflector (an aluminum evaporation film, or an aluminum evaporation film 
that possesses a diffuse reflector - satin finish surface) can be disposed on the back of 
the linear polarizer 54. 

The liquid crystal cell that has these structures is sandwiched between one pair 
of glass 55 on which a nesa coating 56 is formed, and temperature control of the liquid 
crystal cell 51 can be made possible by making an electric current flow in the nesa 
coating 56 by using a heating power source 57. At this time, the liquid crystal cell 51 
can be satisfactorily operated to signals applied by a scanning signal source 58 and an 
information signal source 59. Note that reference numeral 52 in the figures denotes 
spacer members. 

Hereinafter, the present invention will be explained in accordance with an 
embodiment. 
Embodiment 1 
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A silicon carbide film that contains hydrogen (SiC:H) is formed by a plasma 
CVD (Chemical Vapor Deposition) method on a glass substrate, as shown below, on 
which pattern electrodes are. formed of ITO (Indium-tin-oxide) in a stripe shape. The 
glass substrate, on-which a pattern electrode is-formed-to eonfom type 
of a parallel plate electrode type plasma CVD apparatus is placed, and after achieving 
a vacuum, heating is performed so that the substrate temperature becomes 200°C; 
SiH4 gas and CH4 gas are introduced into a reaction chamber and their flow rates are 
controlled so as to become 10 seem and 300 seem, respectively. The gas pressure 
within the reaction chamber at this point is about 0.2 Torr. Next, a high frequency 
power source of 13.56 MHz is turned ON, a voltage is applied to the cathode side of 
the parallel plate electrodes, a glow discharge is generated, and a reaction begins. An 
SiC:H film of approximately 2000 A is formed on the substrate by the reaction after 
approximately 10 minutes. 

Next, a polyimide formation solution ("PIQ" made by Hitachi Chemical Co., 
Ltd.; non-volatile component concentration of 14.5 wt%) is applied on this SiC:H film 
by using a spinner application machine rotating at 3,000 rpm for 10 seconds, and 
heating is performed at 120°C for 30 minutes, forming a coating film with a thickness 
of 2 |im. 

A positive type resist solution ("AZ1350" made by Shipley Co.) is applied 
next by a spinner, and pre-baked. A stripe-shaped mask is formed on the resist layer 
in a stripe shape with a pitch of 100 jam in mask portions with a mask width of 8 ^m, 
and non-mask portions having a length of 2 mm are formed in locations on the inside 
by 2 mm from edge portions of these mask portions. Light exposure is then 
performed. Etching of the resist film in portions exposed to light, and etching of the 
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polyimide film in the layer below, are performed by development using "MF 312" 
developer containing tetra methyl ammonium hydroxide. A through hole is thus 
formed, and after performing washing with water and drying/ the resist film in non- 
-exposed portions Js- removed by^ using- methyl ethyl ketone. — ^Hardening— is- then- 
performed by heating at 200°C for 60 minutes, and at 350°C for 30 minutes, and a PIQ 
(polyimide) band-shaped spacer layer that possesses a conduction port is thus formed. 

Next, a rubbing process is performed along the stripe direction of the stripe 
shape spacer by using a cloth, after which washing is performed with water and 
acetone one after another, and drying is performed. The substrate is then immersed 
in a 1% aqueous solution of a silane coupling agent ("KBM 403" made by Shin-Etsu 
Chemical Co., Ltd.), and then heated and dried after being pulled out of the solution, 
thus manufacturing an (A) electrode substrate. ' 

Next, a silicon carbide film is formed on a glass substrate on which pattern 
electrodes are formed of ITO in a stripe shape, and in addition, processing is 
performed by a silane coupling agent, thus forming a (B) electrode substrate, similar to 
the aforementioned manufacturing method. 

The stripe-shaped pattern electrodes of the (A) electrode substrate and the (B) 
electrode substrate are made to intersect, and peripheral portions between the (A) 
electrode substrate and the (B) electrode substrate, excluding a location that becomes 
an injection port with a width of 2 mm, are sealed by using an epoxy adhesive, thus 
making a cell and manufacturing an empty cell. 

Next, the glass-made capillary having an inner diameter of 2 mm and a length 
of 5 mm with one opening thereof immersed in the isotropic phase DOBAMBC within 
the boat made from stainless steel, and the above-mentioned empty cell are each 
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disposed within the vacuum apparatus shown in Fig. 4 from insertion ports. A 
vacuum condition of 0.1 Torr is achieved within the vacuum apparatus after these 
members are disposed within the vacuum apparatus and the" vacuum apparatus is 

sealed by closing the leak valve and opening the exhaust-valve. * — - . 

The empty cell is next brought down until the injection port formed in the 

bottom side of the empty cell is covered by the liquid crystal supplied by capillary 

. ■ ■ ■ ■ ' . 

action to one opening of the capillary. The leak valve is then opened after closing the 

exhaust valve, and the air is introduced within the vacuum apparatus. The isptropjic 

phase DOBAMBC covering the injection port enters the inside of the empty cell at this 

point, and the empty cell is completely filled by the liquid crystals after 5 minutes. 

The injection port is then sealed by an epoxy adhesive, after which , the 
temperature of the cell is slowly cooled, thus completing manufacturing of the optical 
modulating element in which a mono-domain is formed. 

Note that the aforementioned 'TIQ" expresses polyimide-iso-quinazolindione. 
4. Brief Description of the Drawings 

Fig. 1(A) is a perspective diagram of an optical modulating element of the 
present invention. Fig. 1(B) is a cross sectional diagram showing a side face of the 
optical modulating element, and Fig. 1(C) is a cross sectional diagram showing a front 
side of the modulation element. Fig. 2 is a perspective diagram schematically 
showing an optical modulating element that uses a chiral smectic liquid crystal. Fig. 
3 is a perspective diagram schematically showing an optical modulating element of the 
present invention. Fig. 4 is a schematic explanatory diagram showing an 
embodiment in which a method of the present invention is implemented. Fig. 5 is a 
cross sectional diagram showing another specific example of the present invention. 
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